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Introduction
The U.S. Geological Survey (USGS) uses geophysical wireline well logs for a variety of purposes, including stratigraphic correlation (Hettinger, 2001 , Ryder, 2002 , petroleum reservoir analyses (Nelson and Bird, 2005) , aquifer studies (Balch, 1988) , and synthetic seismic profiles (Kulander and Ryder, 2005) . Commonly, well logs are easier to visualize, manipulate, and interpret when available in a digital format.
In recent geologic cross sections E-E' and D-D', constructed through the central Appalachian basin (Ryder, Swezey, and others, in press; Ryder, Crangle, and others, in press), gamma ray well log traces and lithologic logs were used to correlate key stratigraphic intervals (Fig. 1) . The stratigraphy and structure of the cross sections are illustrated through the use of graphical software applications (e.g., Adobe Illustrator). The gamma ray traces were digitized in Neuralog (proprietary software) from paper well logs and converted to a Log ASCII Standard (LAS) format. Once converted, the LAS files were transformed to images through an LAS-reader application (e.g., GeoGraphix Prizm) and then overlain in positions adjacent to well locations, used for stratigraphic control, on each cross section.
This report summarizes the procedures used to convert paper logs to a digital LAS format using a third-party software application, Neuralog. Included in this report are LAS files for sixteen wells used in geologic cross section E-E' (Table 1) and thirteen wells used in geologic cross section D-D' ( Table 2) .
History of LAS files and Neuralog
Prior to the introduction of the LAS format, geophysical well-log data were recorded on magnetic tape and reviewed in a non-standardized binary format. In 1990, the Canadian Well Logging Society designed the LAS ASCII-type system for local Canadian markets to standardize the binary format used to digitize well logs. The simplicity and flexibility of the LAS ASCII-type encoding quickly led to its worldwide acceptance and use (personal communication, Kenneth Heslop, Canadian Well Logging Society, 10/17/2005). As shown in figure 2, the LAS format often begins with a header, followed by columns of values that describe specific measurements (e.g., gamma ray log in API radiation units) at given depths (Canadian Well Logging Society, 1990, http://cwls.org/docs/LAS12_Standards.txt).
The Neuralog software program (Neuralog, Inc., 1992), is an autovectorizing application used to create LAS files. The application is capable of generating an LAS file from a scanned well-log, imported as an image file (e.g., Tagged Image File Format) and digitized through a combination of an autovectorizing algorithm and user-defined manual edits. Once vectorized, Neuralog converts the digital image to an LAS file, which can then be used in a variety of other LAS-reader applications (e.g., GeoGraphix Prizm, Microsoft Excel, GeoTools QuickSyn, etc.). The conversion of a paper well log to a digital LAS file through Neuralog is quite useful, particularly for older logs where original digital data is limited or nonexistent.
Procedures used to create LAS files
Gamma ray logs, used to construct geologic cross sections E-E' and D-D' (Fig. 1) , were converted to LAS-format files through Neuralog. The LAS files, included in Tables 1  and 2 , were created from scanned Tagged Image File Format (TIFF) files (Fig. 3 ) that were in turn converted to an LAS format (text file) via Neuralog. Once transformed to an LAS format, the file was accessible in an LAS viewer (e.g., GeoGraphix Prizm) where it was exported as a Windows Metafile format (WMF) image file. A graphical illustration application (e.g., Adobe Illustrator), was used to import the WMF file for further editing, which included scaling and placement (Fig. 4) . Multiple quality-check verifications were made throughout the process to insure consistency between the original paper logs and the newly created digital logs.
Prior to the development of Neuralog, non-digital geophysical well logs were scanned, saved as TIFF files, manually traced in a graphical illustration application and placed within an appropriate stratigraphic cross-section illustration (e.g., Hettinger, 2001 , Ryder 2002 ). This process produced vectorized, editable images, but no usable coordinates (e.g., X,Y data). With Neuralog, a more accurate and fully editable image, coupled with a trans-application digital data file, is achieved. The Neuralog vectorization process offers a significant savings in time and the resultant LAS data file may be used in a variety of other applications.
Results and Conclusion
The autovectorization and LAS conversion of paper geophysical wireline well logs provides significant assistance in the correlation, creation, presentation, and digitization of geologic cross sections (Fig. 4) . The integration of Neuralog, an LAS-file reader, and a graphical illustration application offers an effective and accurate process whereby non-digital paper well logs are converted to digital LAS files. These same procedures will be used to produce digital images of geophysical well logs for additional cross sections in the Appalachian basin and other localities. Tables 1 and 2 . ------------------------------------------------------------------- : FIELD CNTY.
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